Introduction
Phosphate is under ionized form in the environment. It is naturally found in some rocks and soils and is necessary for plant growth. It is a macronutrient of most of biological being and categorized as one of the main limiting nutrients of organisms living in water resource (Castaldi et al., 2010; Safari et al., 2013; Zhang et al., 2010) . The main environmental impact of phosphorus is wellknown as eutrophication in surface waster in excessive limit (Kawasaki et al., 2010; Yan et al., 2010) . For protection of water resource, the standard level of phosphorus is limited to 1 mg/L (Awual et al., 2011) . The most significant origin of phosphorus in water is from municipal and industrial wastewater effluents.
Usually, conventional wastewater treatment plants do not allow achieving the standard limit for phosphorus removal. Consequently, advanced treatment processes are implemented to reach the standard level for phosphorus .
Currently, anaerobic treatment method is the main process for the removal of phosphorus in most of wastewater treatment plants. This method produces a phosphorus-rich sludge, which consequently needs to be treated for reduction of volume and stabilization for final disposal. Another method is settling by iron or aluminum salt. These methods also produce significant amounts of sludge which have to be treated to obtain a final safe product (Srivastava and Srivastava, 2006; Uygur and Kargi, 2004) . Recently, many researchers have investigated adsorption process for the removal of phosphorus.
Adsorption is a promising method for the removal of trace and macro-micro nutrient from wastewater. Various materials such as red mud (Castaldi et al., 2010) , chitosan (Cheng et al., 2010) , activated carbon , agricultural waste (Ning-Chuan et al., 2010) and pumice (Samarghandi et al., 2013) have been used as an adsorbent. However, these materials are not selective toward the removal of specific compounds such as phosphorus. Therefore a particular method for phosphorus removal appears attractive. Ion-exchangers are constituted of insoluble material containing loosely held ions which are able to be exchanged with other ions in solutions. Strongly basic anion resins are one type of resin, which have been used for deionization of water. They contain functional groups such OH -and can be used in a wide range of pH (Ladeira and Goncalves 2007; Samadi et al., 2014) .
The aim of the present work was to investigate the applicability of strongly basic anion resins for the removal of phosphorus from synthetic solutions.
Experimental

Resin type
Ion-exchangers are synthetic organic material with usually have a polystyrene structure. In this study commercial strongly basic anion exchange resin (Varion ATM) with particle size of 0.3-0.5 mm, Polystyrene-divinylbenzene matrix and OH-form obtained from Merck (Germany) was used for the removal of phosphorus ions from synthetic solutions in batch system.
The appearance of resin was yellow to golden. The exchange capacity of this resin was 1.35 (eq/L) according to Merck Co. Since the OH-content of the present resin may not be self-consistent, pretreatment of the resin was done. The present medium was immersed with 1 N NaOH solution more than 60 min to remove any dirty and occupy the available sites with OH-. The resin was then dried at 105-110 o C for 3 days and cooled in desiccators. The obtained resin was used thereafter.
Batch study
K 2 HPO 4 of analytical grade (Merck) was used for preparation of a stock solution, using deionised water. Working solutions at the required phosphorus concentrations were then made by dilutions of the stock solution.
Various parameters such as the pH (3-11), the initial phosphorus concentration (10-40 mg/L), the temperature (20 to 50 o C) and the adsorbent dosage (0.5-2 g/L) were studied. Experiments were conducted in 250 mL beakers. The pH was adjusted and controlled by 1 N H 2 SO 4 or NaOH (model Sartorius PP-5, Malaysia).
Since the equilibrium time need to be determined prior to any experiment, a specified amount of resin (1.5 g/L) was added into 250 mL beakers, and then 150 mL of phosphorus solution containing 20, 30 and 40 mg/L phosphorus was transferred into each beaker.
The beaker was shaken at an agitation speed of 200 rpm. At predetermined time intervals, the beakers were removed from the shaker and final phosphorus concentration was determined at the maximum absorbance wavelength (470 nm-UV/VIS spectrophotometer, model 1700, Shimadzu Japan) according to Standard Methods for the Examination of Water and Wastewater section 4500-P-C named Vanadomolybdo phosphoric Acid Colorimetric Method (AWWA, 2005) .
The equilibrium time was determined at three different initial phosphorus concentrations (20, 30 and 40 mg/L) and showed to be constant and equal to 150 min irrespective of the initial phosphorus concentration. The agitation time for isotherm study was set to 240 min to ensure that all isotherms achieved equilibrium.
To investigate the effect of pH, 150 mL solution containing 20 mg/L phosphorus was introduced into 250 mL beaker. After adding 0.1 gram resin to the beaker, the solution was then shaken at 200 rpm (model Hanna-Hi 190M, Singapore) until equilibrium time.
For investigation of adsorption capacity of the resin, 150 mL solution containing 20 mg/L phosphorus was transferred to four 250 mL beaker and then the pH was adjusted at 5. After adding 0.5 to 2 g/L of adsorbent onto each beaker, the solution was shaken at 200 rpm until equilibrium time.
The effect of the initial solute concentration was investigated in the range 10 to 40 mg/L. For this purpose, 150 mL of solution containing 10 to 40 mg/L phosphorus was introduced to four beakers and the pH was adjusted at 5. After adding 1.5 g/L of resin, the solution was stirred at 200 rpm until equilibrium time.
All above experiments were conducted at 20 o C. The effect of the temperature was investigated by adding 1.5 g/L of adsorbent onto 150 mL solution containing 20, 30 and 40 mg/L phosphorus at pH 5. The solution was stirred at 200 rpm until equilibrium time. All experiments were carried out in triplicates and average values are reported in the figures. The observed standard deviations were always below 5 %. The removal efficiency was determined as: RE = (C 0 -C e )*100/C 0
Effect of competing ions on the removal efficiency
Effect of competing ions such as nitrate and chloride was investigated. For this purpose, 150 mL solution containing 30 mg/L phosphorus, 50 mg/L nitrate and 250 mg/L chloride was prepared. pH was adjusted at 5 and after adding 1.5 g/L resin, the solution was shaken at 200 rpm.
At predetermined time intervals, samples were taken, filtered and final ion concentrations were determined according to Standard Methods for the Examination of Water and Wastewater (AWWA, 2005) .
Regeneration of spent adsorbent
Regeneration of spent adsorbent was done by two different methods: deionized water free from phosphorus and NaOH solution at various normalities. In a first step, about 1.5 gram of resin was added to a solution containing 30 mg/L of phosphorus and maintained until reaching equilibrium. The resin was then removed from the phosphorus solution by means of a 0.45µm filter (Whatman). The extracted resin was then introduced into 100 mL deionized water or NaOH solution at various normalities and then shaken at 200 rpm. At predetermined time intervals, the amount of phosphorus released from spent resin in the supernatant, namely deionized water or NaOH solution, was determined.
Equilibrium study
Adsorption is usually described through isotherms, namely time-course of the amount of adsorbate on the adsorbent at constant temperature. Isotherm experiments were conducted in 250 mL beakers. 0.5 g/L of the considered medium was added onto phosphorus solution in the range 20-50 mg/L. The solutions were stirred at 200 rpm for 240 min at 20°C temperature. Experimental data obtained from equilibrium study were analyzed by means of the isotherm models described below.
Langmuir model
The Langmuir model assumes uniform energies of adsorption onto the surface without transmigration of adsorbate in the plane of the surface. In contrast to the Freundlich equation, the Langmuir equation was developed from a theoretical standpoint to model the adsorption of gas molecules on surfaces. It was later applied to the adsorption of ions from solution on mineral surfaces.
It works reasonably well for describing ions that only bind via adsorption mechanisms (Azizian et al., 2007 where q e is the equilibrium amount of adsorbate (mg/g), C e is the equilibrium concentration of adsorbate (mg/L), q m is maximum adsorption capacity and b is the Langmuir constant. By plotting C e /q e against C e , one can determine q m and b from the slope and intercept, respectively.
The important feature of the Langmuir model can be described based on the R L parameter (separation factor) expressed by (Eq. 3). The R L values are listed Table 1 .
Freundlich model
The Freundlich equation was developed empirically, having no theoretical basis, and appears useful for describing the sorption of ions by chemical adsorption and surface precipitation reactions (Azizian et al., 2007) . The non-linear form of the Freundlich equation is expressed by (Eq. 4), where, k f and n are the Freundlich constants. A high value of K f characterizes a high affinity of the adsorbate. (4) For favorable adsorption, the value of the Freundlich constant (n) should be in the range of 1 to 10. The linear form of the Freundlich isotherm is expressed as by (Eq. 5). Linear plots of log q e vs. log C e confirm that sorption data follows Freundlich model. The Freundlich constants (n and K f ) can be obtained from the slope and intercept, respectively (Eq. 5). 
Temkin model
The Temkin isotherm is also available for heterogeneous adsorption of adsorbate on a surface (Febrianto et al., 2009 ). The non-linear form of the Temkin model is given by (Eq. 6). By rearranging (Eq. 6), one can present the linear form of the Temkin model as (Eq. 7):
where B 1 =RT/b 1 , b 1 is the adsorption heat (kJ/mol), k t is the equilibrium binding constant (L/g) corresponding to maximum binding energy. A high value of b 1 shows a fast sorption of adsorbate at initial stage. Similarly, a low value of k t is related to weak bonding of adsorbate onto the medium. By plotting q e versus ln. C e , one can deduce B 1 and k t from the slope and the intercept of the curve, respectively.
Harkin-Jura model
The non-linear form of the Harkins-Jura adsorption isotherm can be expressed as (Gimbert et al., 2008 )(Eq. 8). By rearranging (Eq. 8), it results the linear form of Harkins-Jura model (Eq. 9), where A and B were the Harkins-Jura isotherm parameter and constant, respectively.
The isotherm equation accounts for multi layer adsorption and can be explained by the existence of a heterogeneous pore distribution. The Harkins-Jura isotherm parameters can be obtained from the plots of 1/q e 2 versus log C e .
Halsey model
The Halsey isotherm can be given as (Eq. 10) (Febrianto et al., 2009) . By rearranging (Eq. 10), the linear form of Halsey model results (Eq. 11).
where, k H and n are the Halsey isotherm constant and exponent, respectively. This equation is suitable for multilayer adsorption and the fitting of experimental data to this equation attest for a heteroporous nature of the adsorbent. By plotting ln q e versus ln C e , one can obtain the Halsey isotherm parameters from the slope and the intercept of such curve.
Kinetic study
In adsorption process, the mechanism (such as chemical reaction, diffusion control and mass transfer) was determined from kinetic models. In recent years, various kinetic models such as pseudofirst order (Azizian, 2004) , pseudo-second order (Azizian, 2004) , intra-particle diffusion (Okoye et al., 2010) , Elovich equation (Shek et al., 2009 ) and others were used to analyses adsorption mechanism. They were tested in this work to determine the adsorption mechanism of phosphorus onto the present adsorbent.
Pseudo-first order model
The pseudo first-order equation is generally expressed by (Eq. 12)
Integration of (Eq. 12) at the boundary of q t =0 at t=0 and q t =q t at a given time t, gives (Eq. 13).
where, q e and q t are the amounts (mg/g) of adsorbate at equilibrium and at a given time t (min) respectively; and k 1 is the rate constant (1/min). The linear plot of log 1-q t /q e vs. t gives k 1 from the slope of such plot.
Pseudo-second order model
The general form of pseudo-second order kinetic is expressed by (Eq. 14). Integration of (Eq. 14) at the boundary of q t = 0 at t = 0 and q t = q t at a given time t and then through the rearrangement to a linear results in the linear form (Eq. 15). ( 1 5 ) where k 2 is the rate constant (g/mg/min). The value of k 2 and q e can be determined from the intercept and slope of the plot t/q t vs. t, respectively.
 
Intra-particle diffusion model
This model is usually used to determine the rate-limiting step. The main assumption of the intraparticle diffusion model is that film diffusion is negligible and intra-particle diffusion is the only ratecontrolling step. The non-linear form of the intraparticle diffusion model is expressed by (Eq. 16). ( 1 6 ) where q t is the amount of adsorbate at time t and k i (mg/g/min -0.5 ) is the intra-particle rate constant. The linear form of (Eq. 16) is given by (Eq. 17). By plotting log q t vs. 0.5logt, one can obtains k i from the intercept of the plot.
Higher value of k i shows an increase of the rate of adsorption. The plot of log q t vs. 0.5logt should pass through the origin. Two important aspects of intra-particle diffusion are the intraparticle diffusion (D P ) and the film diffusion (D F ) coefficients, used to determine whether an adsorption process is controlled by intra-particle diffusion or film diffusion. Intra-particle diffusion (D P ) and film diffusion coefficient (D F ) are expressed by Eqs. (18-19):
Removal of phosphorus by ion-exchange resins: equilibrium, kinetic and thermodynamic studies where r 0 (cm) is the radius of adsorbent particle, Γ is the film thickness, C S and C L are the concentration of adsorbate in solid and liquid phases at time t, respectively and t 0.5 (min) is the time required to complete the half of the adsorption. When the calculated value of D P is located in the range of 10 -11 to 10 -13 cm 2 /s, it can be concluded that the intraparticle diffusion is the rate-controlling step. On the other hand, if the value of D F is in the range of 10 -6 to 10 -8 cm 2 /s, the rate-controlling step is the film diffusion.
The Elovich model
The non-linear shape of Elovich (Eq. 20) can be rearranged at the boundary with the same conditions as the pseudo first and second-order equations, given the linear form of Elovich equation (Eq. 21), where α (mg/g/min) is the initial sorption rate and the parameter β (g/mg) corresponded to the extent of surface coverage and activation energy for chemisorptions.
Thermodynamic experiments
Thermodynamic parameters were determined in a range of temperatures from 20 to 50°C using the equilibrium constant K d (q e /C e ). The change in free energy (∆G 0 ) was calculated with (Eq. 22), where R is the universal gas constant (8.314 J/mol.K) and T is the absolute temperature (K). 
Results and discussion
Effect of the contact time
The efficiency of phosphorus removal with respect to the contact time was investigated at various initial phosphorus concentrations. Removal efficiency increased for increasing contact times until reaching equilibrium after less than 150 min, reaching 94.5, 96.3 and 98.7 % of removal for initial concentrations of 20, 30 and 40 mg/L (Fig. 1) . Nearly similar results were observed in the removal of phosphorus by aluminum oxide hydroxide, namely a total removal of 31 mg/L phosphorus after less than 100 minutes contact time (Tanada et al., 2003) . Liu et al. (2008) observed only 58% phosphorus removal after 1400 minutes contact time using synthesized mesoporous ZrO 2 , namely below the results recorded in this work. In the removal of phosphorus by lanthanum-doped mesoporous SiO 2 with phosphorus concentration of 0.992 mg/L and at pH 5, 100% removal efficiency was observed after 270 minutes (Ou et al., 2007) . Notwithstanding 100% removal efficiency, the initial phosphorus concentration was significantly lower than the range of values investigated in the present work. On the other hand, they reported that an increase of the initial phosphorus concentration had a reverse effect on the removal efficiency. Therefore, strongly basic ion exchanger resin seems to be more efficient than lanthanum-doped mesoporous SiO 2 for the removal of phosphorus, allowing higher treated concentrations in a shorter contact time.
Removal of phosphorus with La (III) and Ce(III)-loaded orange waste at 20 and 40 mg/L of phosphorus concentration have been also investigated (Biswas et al., 2007) . The equilibrium time was observed to be 7 and 10 h for 20 and 40 mg/L in the case of La (III)-loaded orange waste; while, equilibrium was achieved in 4 and 7 h for 20 and 40 mg/L in the case of Ce(III)-loaded orange waste. In the present work, the equilibrium time for 20 and 40 mg/L of phosphorus was reached after 120 minutes which was significantly lower than those reported for La (III) and Ce(III)-loaded orange waste.
Effect of the pH on the removal efficiency
The pH has an important effect on the removal efficiency regarding medium surface charge. Its effect was therefore investigated in a pH range of 3 to 11 and the corresponding results are displayed in Fig.2a . They showed an efficiency improvement for an increase from pH 3 to 5. Above this latter pH value, removal efficiency decreased. The effect of pH on phosphorus removal is affected by medium nature and the presence/absence of H + or OH -ions. In an acidic environment (pH=3), protons dominate onto the surface of the adsorbent; while for alkaline conditions, OH -ions dominate phosphorus ions, decreasing sorption efficiency. On the other hand, the kind of phosphorus ions present in solution has a significant effect on the removal efficiency. Depending on the pH, the main phosphorus species are H 3 PO 4 , H 2 PO 4 -, HPO -2 4 and PO 4 -3 . In acidic environment, the H 3 PO 4 species predominates, which is weakly bonded to the adsorption sites. Increasing the pH from acidic to alkaline environment leads to the predominance of H 2 PO 4 -, HPO -2 4 ions which can be adsorbed onto the adsorbent. Finally, in an alkaline environment (pH=11 in this work), OH -ions predominate and compete with other ions in solution to bonding onto the surface of the adsorbent.
The best conditions for phosphorus removal was therefore located in a pH range of 4 to 6 with a high removal at pH = 5. It was in agreement with previous reports dealing with phosphate removal by peat (Xiong et al., 2010) or by Lanthanum doped mesoporous silicates material showing an optimal pH at pH 6.5 for the former and in the range 4-6 for the latter. In addition, optimal pH was observed to be 4.8 for phosphorus adsorption onto aluminum hydroxide gel (Kawasaki et al., 2010) , pH 4 in the case of aluminum oxide hydroxide (Tanada et al., 2003) , pH 5.8 using steel slag (Xiong et al., 2008) and pH 5 in the case of modified fly ash .
Effect of the resin mass on the removal efficiency
The effect of the resin mass was investigated in the range 0.5-2 g/L. Fig. 2b shows an increase of the removal efficiency for an increasing mass of resin, from 46 to 93% for an increasing resin mass from 0.5 to 2 g/L. Since pollutants adsorption occurred mainly at the surface of the adsorbent, more adsorbent led to an increase of the specified surface area and hence a rise of the removal efficiency.
For increasing adsorbent dosage from 1 to 100 g/L in the case of phosphorus removal using steel slag, removal efficiency was reported to increase from 9 to 80% (Xiong et al., 2008) ,showing a higher removal for the present resin even though the adsorbent dosage was lower.
Effect of the initial phosphorus concentration on the removal efficiency
It was investigated for initial phosphorus concentrations in the range 10-40 mg/L (Fig. 2c) . As observed, phosphorus adsorption increased for increasing initial pollutant concentration, from 20 to 75 % after 120 min contact time for 10 and 40 mg/L initial phosphorus concentrations (Fig. 2c) . The removal yield increased with the initial concentration most likely due to an increment in the driving force at higher concentrations.
It has been reported using Alunite for phosphorus removal that the amount of adsorbed phosphate increased from 4.66 to 106.6 mg/g as the phosphate concentration increased from 5 to 200 mg/L; while the phosphate removal efficiency decreased from 93% to 53% (Ozacar, 2003) .
In the present work, both removal efficiency and adsorption capacity increased as phosphorus concentration increased, showing a higher efficiency of the present resin compared to alunite. 
Effect of the temperature on the removal efficiency
Temperature has a significant effect on sorption processes, since it can enhance the dissolution of ions in solution, decreasing their sorption rate. In addition, in exothermic sorption process, increasing the temperature will decrease the sorption capacity .
The influence of temperature on the removal efficiency was investigated in the range of 20 to 50°C As shown in Fig. 3 its augmentation had a weak but negative impact on the removal efficiency, which decreased from 94.5 to 91.3%, 96.0 to 93.0% and 98.5 to 94.7% for a rise in temperature from 20 to 50°C for initial phosphorus concentration of 20, 30 and 40 mg/L, respectively. Low temperatures are therefore suitable for phosphorus removal, indicating the exothermic nature of phosphorus sorption onto the present medium.
Adsorption isotherms
The results of adsorption isotherm models are shown in Figs.4a to 4e and the related parameters are listed in Table 2 . As can be seen, the Langmuir isotherm model was best fitted onto experimental data. Maximum sorption capacity of the considered adsorbent was 66.22 mg/g according to the Langmuir model (Table 2) , namely above the values reported in the literature.
Indeed, the maximum capacity of Lanthanum (III) doped mesoporous silicates material for phosphorus removal was reported to be 22 mg/g . Yan et al. (2010) tested three types of bentonites, namely hydroxy-aluminum (AlBent), hydroxy-iron (Fe-Bent) and hydroxy-ironaluminum (Fe-Al-Be) for the removal of phosphorus and reported maximum capacities of 12.7, 11.2 and 10.5 mg/g for Al-Bent, Fe-Bent and Fe-Al-Bent, respectively (Yan et al., 2010) . Maximum capacity of phosphorus by modified fly ash has been reported to be 9.15 mg/g .
The parameter b value was high (Table 2) showing high bonding energy of phosphorus adsorption on the adsorbent. The R L values calculated at various initial phosphorus concentrations showed favorable sorption process, since they decreased from 0.067 to 0.028 for increasing initial concentrations from 20 to 50 mg/L (Fig. 5) . In addition, the value of the Freundlich parameter n was 4.3 (Table 2) , also showing sorption of phosphorus onto the strongly basic anion exchanger. It can be therefore conclude from the Freundlich parameter (n) and the Langmuir separation factor (R L ) that the present system obeyed to favorable sorption process. Furthermore, the considered resin had a high K f value (Table 2) , which was related to high affinity of phosphorus onto the adsorbent. The high values of Temkin isotherm parameters (b 1 and k t ) showed high adsorption heat (b 1 = 327.83 kJ/mol - Table 2 ) and high maximum bonding energy (k t = 1215.8 L/g - Table 2 ).
Kinetic study
Kinetic sorption of phosphorus onto present medium was analyzed by various kinetic models. Three steps can be identified in the adsorption process: diffusion of the adsorbate from the bulk solution to the external surface of the adsorbent (film mass transfer and boundary layer diffusion), diffusion of the adsorbate to the internal structure of the adsorbent.
The latest step is assumed to be rapid and hence is not the rate-determining step (Akkaya and Ozer, 2005) . In a first phase, the mass transfer coefficient at various initial phosphorus concentrations was determined by means of (Eq. 24).
S dt
where β L is the external mass transfer coefficient (cm/min), C e and C 0 (mg/L) are the adsorbate solution at time t and t=0, respectively; and S is the specific surface area for the mass transfer.
The parameters of external mass transfer (β L S) were obtained from the slope of C e /C o versus time for the three initial step portions as shown in Fig. 6 . The related parameters are listed in Table 3 , showing decreasing values of the mass transfer coefficient for increasing initial phosphorus concentrations. High β L S value indicated high external mass transfer resistance, which was therefore higher for low phosphorus concentrations. Furthermore kinetic data were examined by pseudo-first order, pseudo-second order, intra-particle diffusion and Elovich kinetic models to determine the most appropriate model. Kinetic results are displayed in Fig. 7 and the corresponding parameters are collected in Table 4 .
The pseudo-first order model was only valid for low amounts of adsorbate. The parameter k 1 of the pseudo-first order model should increase linearly for increasing initial solute concentration, while it is not the case for the parameter k2 of the pseudosecond order model (Azizian and Yahyaei, 2006) , as illustrated at the examination of Table 4 . The values of the pseudo-first order rate constants increased with the initial phosphorus concentration (Table 4) according to Azizian and Yahyaei (2006) ; qe values deduced from the pseudo-first order model matched experimental values. However and irrespective of the initial phosphorus concentration, the best fitting of experimental data was obtained from pseudo-second order model.
The values of intraparticle diffusion (DP) and film diffusion (DF) parameters at various initial phosphorus concentrations demonstrated that intraparticle diffusion was not the rate-controlling step, Dp values the in the range 0.0019 -0016 cm2/s (Table 4) . Contrarily, it was observed that the values of film diffusion parameter (DF) were in the range 1.65×10-7 -1.57×10-6 cm2/s ( Table 4) , showing that film diffusion was the rate-controlling step.
Thermodynamic study
Thermodynamic parameters such as Gibbs free energy (ΔG 0 ), enthalpy change (ΔH 0 ) and entropy change (ΔS 0 ) are valuable parameters to determine energy change during adsorption process. By plotting Ln (K d ) versus 1/T, ΔH 0 and ΔS 0 can be deduced from the slope and the intercept of such curve. Fig.8 shows the corresponding plot and the calculated values for thermodynamic parameters are listed in Table 5 . By The negative value of enthalpy change (ΔH 0 - Table 5 ) confirmed the exothermic nature of phosphorus sorption on the resin, in agreement with the negative impact of temperature on phosphorus removal (Section 3.5).
The negative value of entropy change (ΔS 0 - Table 5 ) demonstrated a decrease in randomness at the solid/liquid interface. Furthermore, the negative values of the Gibbs free energy (ΔG 0 - Table 5 ) for various initial solute concentrations showed that the considered system was thermodynamically spontaneous.
Effect of co-existing ions on removal efficiency
Real effluents contain many ions which could interfere in the uptake of phosphate by adsorbent through competitive adsorption. Fig. 9 shows the removal of phosphorus in the presence of nitrate and chloride ions.
As can be seen from Fig. 9 , removal efficiency decreased in the presence of competing ions, since it was. 82%, compared to 96% in absence of competing ions (Fig. 1) . In addition, it revealed that nitrate had a higher effect on phosphorus removal efficiency if compared to chloride ions. Therefore, the considered adsorbent appeared efficient in the presence of co-existing ions. In the removal of phosphorus by weak-base fibrous anion exchanger, no significant effect was observed in the presence of chloride ions (Awual et al., 2011) . Removal of phosphorus by ZnAlZr ternary layered double hydroxides has been studied in the presence of nitrate and chloride, and it was shown that phosphorus removal efficiency increased for increasing nitrate concentrations due to the facilitated dissolution of zinc cations owing to the increase in the ionic strength of the solution (Koilraj and Kannan, 2010) . In addition, these authors also found no significant change in phosphorus uptake in the presence of chloride ions (Koilraj and Kannan, 2010) .
In the removal of phosphorus by Lanthanum (III) doped mesoporous silicates material, removal efficiency was found to decrease in the presence of foreign ions such as chloride and nitrate, even if nitrates showed the most significant impact .
Regeneration of spent adsorbent
The regeneration of the spent adsorbent is one of the most important issues in the field of adsorption process, especially in ion exchange process. Proper desorption may be due to regeneration of adsorbent or recover of adsorbate for a proper disposal and reuse.
Regeneration of spent adsorbent with deionized water showed negligible leakage of phosphorus onto deionized water. Maximum extraction of phosphorus by deionized water was only 5-7% during 210 min reaction time (data not shown). Therefore, regeneration was done by an alkaline solution. Fig. 10 shows the regeneration of spent adsorbent by NaOH solutions with various normalities. For 210 min contact time, 32% and 45% the regeneration of the spent adsorbent increased from 32 to 97% for NaOH normality increasing from 0.1 to 1 N; while only 150 and 90 min contact time were needed for a total regeneration in the case of 1.5 and 2 N NaOH solutions, respectively (Fig. 10) .
After regeneration, the adsorbent was added to a solution containing 30 mg/L phosphorus solution. Desorption test was again conducted with 1.5 and 2 N NaOH solutions similarly to the previous step. The sorption/desorption test was conducted for three cycles and revealed 83% and 89% regeneration of the spent adsorbent at the end of the last cycle.
These results clearly demonstrated the efficiency of the adsorbent regeneration using NaOH. In the desorption of ZnAlZr ternary layered double hydroxide after phosphorus adsorption, only less than 10% regeneration was observed by water and NaCl solutions, while 80% regeneration was observed using Na 2 CO 3 (Koilraj and Kannan, 2010) . In the desorption of calcined waste eggshell, it was observed that only 37.6% and 0.7% of spent adsorbent was regenerated by NaOH and NaCl, respectively (Kose and Kivanc, 2011) . Maximum regeneration percentage for Iron-modified hydrotalcite-like materials for the removal of phosphorus was reported to be only 75% (Triantafyllidis et al., 2010) .
From this, the regeneration of the present adsorbent appears more efficient if compared to mineral adsorbents. 
Conclusions
The removal of phosphorus by strongly basic anion exchanger was investigated as a function of pH, initial phosphorus concentration, contact time and resin mass. Removal efficiency increased for increasing contact time, resin mass and initial phosphorus concentration. Optimal removal was observed at pH=5. Maximum sorption capacity was 66.22 mg/g according to the Langmuir isotherm model, namely higher than those reported in the available literature.
The value of R L was in the range of 0.067-0.028 and decreased for increasing phosphorus concentrations, showing favorable sorption. Mass transfer coefficient was determined at different initial solute concentrations and showed a decrease for increasing initial phosphorus concentrations. Experimental data were fitted onto four kinetic models, with the highest correlation coefficient value for the pseudo-second order model. It was also shown that film diffusion model was the ratecontrolling step. Thermodynamic experiments revealed the exothermic nature of the process and the decrease in randomness at the solid/liquid interface.
The results showed that co-existing ions can influence phosphorus uptake capacity with a higher impact for nitrates if compared to chloride ions. An efficient regeneration of the spent adsorbent was shown using alkaline solution. The efficiency of the considered strongly basic anion exchange resin for the removal of phosphorus was therefore clearly demonstrated. 
